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© Protective circuit for diode switching device. 

© An electrical circuit supplying a load from a 
voltage source includes a switching device and a 
diode, and is to be protected from recovery current 
caused by polarity reversal of the diode during the 
operation of the switching device. The electrical cir- 
cuit further includes a transformer having an excita- 
tion winding sensing the recovery current through 
the diode immediately after operation of the switch- 
ing device, and a sink winding coupled to the excita- 
tion winding for inducing in the sink winding a re- 
verse current corresponding to the current in the 
excitation winding. A unidirectional conducting de- 
vice directs at least a portion of the reverse current 
from the sink winding back to the voltage source. 
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PROTECTIVE CIRCUIT FOR DIODE SWITCHING DEVICE 



The present invention relates to circuits for 
protecting systems which include diode switching 
devices against the effects of diode recovery cur- 
rents which occur upon the reversal of the polarity 
of a diode. 

One of the serious problems involved in elec- 
trical circuits including switching devices and di- 
odes, such as power supplies, inverters, motor 
drivers, and the like, is the problem of recovery 
current resulting when the polarity of the diode is 
reversed. Thus, when a diode that was forwardly 
biassed is subjected to a reverse voltage, the diode 
behaves as a short circuit during the first few 
nanoseconds or microseconds until all the stored 
charge in the diode is recovered. This causes an 
extremely high magnitude of current, called recov- 
ery current, to flow through the diode and the 
switching device during this recovery period. This 
recovery current places a considerable stress on 
the diode and the switching device, and also 
wastes a considerable quantity of energy in the 
form of heat. This recovery current also causes 
energy accumulated in effective inductors and ca- 
pacitors of the circuit to be radiated as electrical 
noise. 

One known solution for this problem of diode 
recovery is to include an inductor in series with the 
electrical switch. While this solution protects the 
electrical switch, it does not solve the problem of 
wastage of energy. In addition, the inductor gen- 
erates high-voltage spikes, and therefore it is com- 
mon to include a zener diode to absorb the excess 
voltage, but this also does not solve the problem of 
wastage of energy. The common solution is to use 
an ultrafast acting diode, but such diodes are very 
expensive, if available at all, for particular applica- 
tions producing a relatively high forward voltage 
drop. 

The probelm is even more severe when using 
MOSFET's (metal oxide semi-conductor field effect 
transistor), particularly in bridge configurations. 
Thus, if the integral Drain/Source is allowed to 
conduct, the whole device is limited upon reap- 
plying the dv/dt. In order to stay at a safe level of 
dv/dt, it is necessary to add a large serial induc- 
tance and large parallel capacitors. These compo- 
nents cause an additional waste of power. Another 
solution is to prevent conduction in the diode in the 
MOSFET by inserting a serial diode, to block back- 
ward conduction, and bypassing the MOSFET di- 
ode combination by an additional diode, parallel to 
the combination. However, these solutions are ex- 
pensive and significantly increase the circuit 



An object of the present invention is to provide 



an electrical circuit of the foregoing type, i.e., in- 
cluding a switching device and a diode, with im- 
proved means for protecting the circuit from recov- 
ery current occurring when the polarity of the diode 

5 is reversed. 

According to the present invention, there is 
provided an electrical circuit supplying a load from 
a voltage source, and including a switching device 
and a diode, which circuit is to be protected from 

70 recovery current caused by polarity reversal of the 
diode during the operation of the switching device, 
characterized in that the electrical circuit com- 
prises: a transformer having an excitation winding 
sensing the recovery current through the diode 

15 immediately after operation of the switching device, 
and a sink winding coupled to the excitation wind- 
ing for inducing in the sink winding a reverse 
current corresponding to the current in the excita- 
tion winding; and a unidirectional conducting device 
20 connected to direct at least a portion of the reverse 
current from the sink winding back to the voltage 
source. 

The transformer may sense the recovery cur- 
rent directly, or indirectly, e.g., by reflection. Also, 
25 the unidirectional conducting device preferably has 
a voltage drop larger than that of the protected 
diode. 

The invention may be implemented in many 
forms. For example, the unidirectional conducting 
30 device may be an electronic switch, a diode, or a 
plurality of diodes connected in series. The latter is 
particularly advantageous, since it is possible to 
manufacture small ultrafast diodes having high volt- 
age drops which have no influence on the particu- 
35 lar ciruit. Moreover, the current density in the plu- 
rality of diodes is extremely high, and therefore the 
charge which is accumulated during forward con- 
duction is reduced. 

The invention is also particularly advantageous 
40 when applied in MOSFET circuits, where the in- 
tregal diodes normally exhibit a relatively high mi- 
nority charge, and therefore cause long recovery 
time and high losses. 

The turns ratio of the transformer determines 
45 the fraction of the current which flows away from 
the voltage source, and therefore which produces 
the power losses. Accordingly, the turns ratio 
should be kept as high as possible within practical 
limits. In this respect, a high turns ratio is difficult 
so to achieve without increasing unwanted serial in- 
duction; diodes conducting during short periods 
tend to develop a . forward voltage drop from sev- 
eral volts to several tenths of volts. 

Further features and advantages of the inven- 
tion will be apparent from the description below. 
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the invention is herein described, by way of 
example only, with reference to the accompanying 
drawings, wherein: 

Fig. 1 is a circuit diagram illustrating a known 
basic switching diode circuit in which the diode 
polarity is reversed causing the problem of recov- 
ery current as described earlier; and 

Figs. 2-17 illustrate various circuits in accor- 
dance with the present invention which may be 
used for solving or reducing this problem. 

Reference is first made to Fig. 1 which illus- 
trates the basic switching diode circuit. Thus, when 
a diode D1 that was forward biassed is subjected 
to a reverse voltage, the diode behaves as a short 
circuit for a short period of time (known as the 
recovery time) until all the stored charge is recov- 
ered. This generates a reverse current (IR) which, 
together with the load current (IL), is applied to the 
switching device (S1). Accordingly, this recovery 
current produces a momentary over-current and 
over-voltage which places considerable stress on 
the diode D1, may be destructive of the switch 
(S1), and also wastes a considerable amount of 
energy in the form of heat. 

Figs. 2-17 illustrate different circuits which may 
be used according to the invention to recycle most 
of the recovered charge back to the voltage source. 
Thus, only a small fraction of the recovery current 
flows through the active switch, thereby solving or 
reducing the above problems. 

Fig. 2 illustrates a basic configuration for solv- 
ing or reducing the above problem. Thus, the pro- 
tective circuit identified by block PC in Fig. 1 
includes a transformer Ti having an excitation 
winding N E in series with the protected diode Di so 
as to sense the recovery current through the diode 
immediately after closing of the switching device 
Si. Transformer Ti also includes a sink winding N s 
inductively coupled to the excitation winding N E for 
inducing in the sink winding a reverse current cor- 
reponding to the current in the excitation winding. 

The protective circuit 1 illustrated in Rg. 2 
further includes a unidirectional conductive device 
in the form of a switch S2 in series with the sink 
winding N s and connecting it across the protected 
diode Di- Switch S2, if not controlled, has a voltage 
drop larger than that of the protected diode Di and 
is therefore effective to direct at least a portion of 
the reverse current from the sink winding N s back 
to the voltage source V. 

It will thus be seen that the reverse current IR1 
which flows through the excitation winding N E of 
transformer Ti induces a much larger current IR 2 
through the sink winding N s , and switch S2. There- 
fore, the inverse current IRi which flows from the 
voltage source v to switch Si is significantly small- 
er than the total diode recovery current. The part of 
the recovered charge which flows away from the 
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voltage source V is thus significantly reduced, and 
so is the power loss. 

Fig. 3 illustrates the same circuit as Fig. 2, and 
therefore the corresponding parts are identically 
5 numbered, except that an inductor Li is included in 
series with the excitation winding N E and the 
switching device Si to further reduce the current 
stress on the switching device. 

Rg. 4 illustrates a variation wherein the induc- 
70 . tor U is added in series with the sink winding T s of 
the transformer Ti, instead of in series with the 
excitation winding N E . Fig. 4 illustrates the further 
variation wherein the unidirectional conducting de- 
vice is in the form of a pair of diodes D2, D3, 
75 providing the above-described advantages when 
using a diode pair for the unidirectional conducting 
device. In addition, the excitation winding N E is 
connected to the switch Si in order not to interrupt 
the commutation action of diode Di. 
20 Fig. 5 illustrates a circuit wherein a cacpacifor 

C1 is connected across the protected diode Di to 
limit the rate of voltage rise across the protected 
diode. 

Fig. 6 illustrates an electrical circuit including a 
25 clamping diode D4 connected across the excitation 
winding N E and the switching device Si to protect 
the protected diode Di from voltage transients. 

Rg. 7 illustrates an electrical circuit wherein a 
zener diode D5 is connected across the switching 
30 device Si, to limit the voltage rise on the switching 
device Si. 

Fig. 8 illustrates an electrical circuit wherein the 
transformer Ti includes a second sink winding N 2s 
coupled to a second unidirectional conducting de- 
35 vice D7, which latter circuit further aids in re- 
covering back to the voltage source energy stored 
in the transformer. 

Fig. 9 illustrates an electrical circuit wherein the 
sink winding N s of the transformer Ti is connected 
40 to direct at least a portion of the recovery current 
back to the voltage source V via the excitation 
winding N E of the transformer. 

Rg. 10 illustrates an electrical circuit corre- 
sponding to that of Fig. 4 but embodied in a buck 
45 converter, wherein the switching device Si is a 
MOSFET, and the output of the protected diode is 
supplied to the load via a coil and capacitor. 

Rg. 11 illustrates an electrical circuit similar to 
that of Rg. 10, but embodied in a boost converter 
50 type. 

Rg. 12 illustrates an electrical circuit in which 
two diodes D la , D 1b are to be protected, each 
being protected by a sink winding Nsa, Nsb coupled 
to the excitation winding T E in series with the 
ss switching device Si . 

Rg. 13 illustrates an electrical circuit including 
two MOSFET's, each protected by a protective 
circuit corresponding to that illustrated in Rg. 4. In 
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the circuit of Fig. 13, when one MOSFET acts as 
the switching device, the other acts as the diode to 
be protected. 

Fig. 14 illustrates an electrical circuit including 
four MOSFET's arranged in a bridge configuration, 
including a single transformer and a single un- 
idirectional conducting device. Thus, when two 
MOSFET's act as switching devices, the other two 
act as diodes to be protected. The single trans- 
former Ti includes a single excitation winding N E 
and a single sink winding N s effective, with un- 
idirectional conducting device Dg to protect all four 
MOSFET's. 

Fig. 15 illustrates an electrical circuit wherein 
the sink winding Ns is connected to the excitation 
N E at a point on the ladder remote from its connec- 
tion to the protected diode Di. The unidirectional 
device is shown as a diode D 8 but could be a 
plurality of diodes in series or an electronic switch. 

Fig. 16 illustrates a circuit in which the trans- 
former is split into two transformers T 1ai T 1b> in 
order to obtain higher turns ratios. 

Fig. 17 illustrates an electrical circuit having 
two (or more) input circuits, each including an 
excitation coil T E . 

While the invention has been described with 
respect to a large number of preferred embodi- 
ments, it will be appreciated that these are shown 
merely for purposes of example, and that many 
variations, modifications and applications of the in- 
vention may be made. 

where technical features mentioned in any claim 
are followed by reference signs, those reference 
signs have been included for the sole purpose of 
increasing the intelligibility of the claims and ac- 
cordingly, such reference signs do not have any 
limiting effect on the scope of each element iden- 
tified by way of example by such reference signs. 



Claims 

1. An electrical circuit supplying a load from a 
voltage source, and including a switching de- 
vice and a diode, which circuit is to be pro- 
tected from recovery current by polarity rever- 
sal of the diode during the operation of the 
switching device, characterized in that said 
electrical circuit comprises: 

a transformer having an excitation winding 
sensing the recovery current through the diode 
immediately after the operation of the switch- 
ing device, and a sink winding coupled to said 
excitation winding for inducing in the sink 
winding a reverse current corresponding to the 
current in the excitation winding; 

and a unidirectional conducting device 
connected to direct at least a portion of the 



reverse current from the sink winding back to 
the voltage source. 

2. The electrical circuit according to Claim 1, 
5 wherein said unidirectional conducting device 

has a voltage drop larger than that of the 
protected diode. 

3. The electrical circuit according to either of 
10 Claims 1 or 2, wherein said unidirectional con- 
ducting device is an electronic switch. 

4. The electrical circuit according to either Claims 
1 or 2, wherein said unidirectional conducting 

75 device is a diode. 

5. The electrical circuit according to any one of 
Claims 1-4, wherein said protected diode is in 
a semiconductor switching device. 

20 

6. The electrical circuit according to any one of 
Claims 1-5, further including a capacitor con- 
nected across said protected diode to limit the 
rate of voltage rise thereacross. 

25 

7. The electrical circuit according to any one of 
Claims 1-5, wherein said transformer includes 
a second sink winding coupled to a second 
unidirectional conducting device, the latter cir- 

30 cuit further aiding in recovering back to the 

voltage source energy stored in the transform- 
er. 

'8. The electrical circuit according to any one of 
35 Claims 1-5, wherein said transformer includes 

a second sink winding coupled to said excita- 
tion winding, and a second unidirectional con- 
ducting device connected to direct at least a 
portion of the reverse current from said second 
40 sink winding back to the voltage source. 

9. The electrical circuit according to any one of 
Claims 1-5, where the sink winding is con- 
nected to direct at least a portion of the re- 

45 verse current from the protected diode back to 

the voltage source via the excitation, : winding. 

10. The electrical circuit according to any one of 
Claims 1-5, wherein the transformer is split into 

so two transformer sections, one feeding the oth- 

er, in order to obtain a higher turns ratio. 
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© Protective circuit for diode switching device. 



© An electrical circuit supplying a load from a 
voltage source includes a switching device and a 
diode, and is to be protected from recovery current 
caused by polarity reversal of the diode during the 
operation of the switching device. The electrical cir- 
cuit further includes a transformer having an excita- 
tion winding sensing the recovery current through 
the diode immediately after operation of the switch- 
ing device, and a sink winding coupled to the excita- 
tion winding for inducing in the sink winding a re- 
verse current corresponding to the current in the 
excitation winding. A unidirectional conducting de- 
vice directs at least a portion of the reverse current 
from the sink winding back to the voltage source. 
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